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Abstract

Following studies have been carried out for the purpose of the modeling om
near-field nuclide transport and groundwater quality evolutien as a part of
MASTRA and GEQCHEM, respectively.

1. MASTRA

(1) Survey on the analytical models

The survey was carried out on the analytical solutions developed by Pigford
to select an appropriate model for benchmarking with the numerical solutions.
(2) Comparision of the numerical analysis with selected analytical solution

FEMWATER/WASTE-PNC and DTransu2D-EL were benchmarked with anzlytical
solution selected abeve, using the near-field groundwater flow data in PNC s
HEISEI 3report.
(3) Detailed numerical amalysis on mass transpert in MASTRA

Using DTransu2D-EL verified above, the tracer concentration profile and the
release rate in MASTRA were predicted.
(4) Examination of more realistic modeling

Ferther work needed on the effect of the perturbation caused by sensers and
on the possible density current in MASTRA flow cell was identified.

2. GEQOCHEM
{1} Data acquisition on mineral dissolution kinetics
Suitable method for data acquisiftion on mineral dissolution kinetics was
surveyed. Based on this survey, leach tests were carried out for several
rock-forming minerals.
(2) Analysis using EQ6 code
Using EQ6 code which can handle kinetic feature in chemical reaction, the
comparision was made between existing kinetic data and newly obtained one in
rock-water interaction.
(3} Analysis on coupled phenomena between chemical reaction and mass transport
Computing algorithm to analize coupled phenomena between chemical reaction
and mass transport was surveyed, and preliminary calculation was made using
existing kinetic data and newly obtained one as input data.

Work performed by Mitsubishi Materials Corporation under with Power Reactor and
Nuclear Fuel Development Corporatfian.
Contract No 040D0256
PNC Lieson: Merimasa Naito, Isolation System Reserch Program,
Radioactive Waste Manegement Preject
*Waste Management Techmology Department, Nuclear Technelogy Cenrer.
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Tabie 1.1.1(1/2) Analytical model for near field mass transport
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Tabie 1.1.1(2/2) Analytical model for near fleld mass tramsport
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Table 2.1.1 Input parameter for each case
BiFr—=x 1 2 3 4
HERM-HE (cn/s) 1E-5 1E-6 1E-7 1E-8
= & 1E-4 1E-5 1E-6 1B-7
BERERR
(em/s) g & 1E-11
Fal Bt =R 5 & 0.01
- BREH 0.3
SEEK 5 & 0.0
(g/cm®) s 0.0
EikEEE 0.1
ok (cm) 100.0
HaBE (cm) 100.0
EILBERE | & 1B-7
(cm2/s) B&H 1E-6
BirkslE  (s) 1.642E7 (190 H)
BEAFy 7 (s) 1. 728E4 1. T28E5
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Table 2.2.} Comparison of flux of numerical and analytical solution

Flux/Co (cm/s)
b FEMWATER- DTransu2D-EL Analytical
(cm/s) FEMWASTE solution
1E-5 1.52 E-T7 1.578E-7 1. 448E-T7
1E-6 9.25 E-8 1. 292E-7 7. 368E-8
1E-7 3.31 E-8 6. 108E-8 1. 225E-8
1E-8 2.26 E-8 2.222E-8 1. 454E-9
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Tabkle 2.2.1 Calculation conditions of effect of particle size

r—2 @ @

£ P R =

HE 25°C =

CO. FAEH | KSFEH (350ppm) =
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hE 44~T4pum 250~500 zm
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& %GCJ:% L, I0HHE TR 3 X107 %001/ 2 £/ o7z, AlIZ10 %mel/ 2 TEKAE
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Table 2.2.2 Calculation conditions of effect of temperature

br— 2 @ @ ®
S B R = =
BE 25°C 60°C 80°C
€0, FAEH | KEFH (350ppm) = =
8549 Albite = =
R BE 44~Tdpum = =
(0. 18t /g)
Bl 10. 0g/1000m1 = =
& HHE 4. 41X107'%mol/ef /s | 2.37X 10715 7.75x 107!
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HEEHEAE%K2.2.3 KRT,.
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Table 2.2.3 Calculation conditions for comparison closed and open sysiem
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Table 2.2.4 Calculation conditions of effect of CO: gas equilibrium condition
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Table 3.2.1 Parameter list for the analysis

HEE 2.7 (g/cd)

Fo IR % BE 1.6 (g/cd)

pfi e 0.4 (=)
HEEHR 0.081 (nf/g)
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PART 1 IMAGE-MASTRA



1. Survey on the analytical models

1.1 Survey on the analytical models on near-field mass transport
In this section, near-field mass transport models developed by Pigford were
surveyed. Because the purpose of this survey was to select an appropriate
analytical model for benchmarking the numerical model used in MASTRA, the
models on the effects of non-linear sorption, temperature and radioactive decay
which were not considered in MASTRA, were excluded from this survey. The medium
in thes models was limitted for porous one and the fractured modeum that can be
mathematically converfed to porous medium.
Followings are the criteria to select the model,
1) to be almost the same geometry as MASTRA,
2) not introducing a myth in modeling phylosophy.
The specific feature of MASTRA are ;
a) constant concentration at simulated waste surface,
b) three medea of waste form buffer and host rock,
¢) diffusion dominant in buffer and diffesive convective in host rock,

d) traceable to time dependent development of the concentration

1.2 Slection of the anaiytical solution used for the henchmarking

Any analytical model stands on the proposition that is not needed in
numerical models. An appropriate analytical model is No. 6 in Table 1.1. 1.

In No. 6, concentration distribution in host rock is adequately modeled, with
the consideration of the flow field. Even though the geometry is modified to
preloid spheroid, the enlongation of major axis can give good approximation.
Significant proposition of this model is constant comcentration at buffer

surfface.



1.3 Steady state release rate from prolate spheroid waste form through buffer
In this section, the description of the analytical model is given for
solubility limitted nuclide release from waste form to host rock through buffer,
which 1s to be used for the benchmarking.
In this modeling, the geometric modification was made to get the analytocal
solution, Wasté form is represented by prolate spheroid and the surrounding
buffer is also modeled by the prolate spheroid of the same focus. The conceptual

view is shown in Fig. 1.3.1.

> .
WATER FLOW /
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BCFILL — | |7/ € 3

/—r /‘;" /". ,
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L : buffer thickness

a: : seml major axis

b, : semi minor axis

g1 : perocity of buffer
€2 : porocity of host rock

Fig.1.3.1 Geometiry of the near field model
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The steady state concentration and release rate at buffer surface is given
asfollows;

Concentration at buffer surface

g2
[ ][Qu( as)-Qn(al)}cosh(a:)Sh(Pe)+1

€1
Release rate at buffer surface

dzx e Df ¢1 34

M =
¢ E 2 -1
] [Qo( as ) - Qo a1 ) }cosh( a )+[Sh(Pe)]
L e
1 Pe
. [1 + ], Pe small
Sh(Pe) =1 Qo(a: ) cosh(a. ) 2 Qo{a ) cosh{ a. )
Pe 172
[—-tanh(a:) } , Pe> 4

T

These three assumption have been laid on the solution,
1) to modify the waste to the prolate spheroid of the same volume and the su
rface area,
2) to have uniform concentration at buffer surface,
3) to be able to neglect diffusion in flowing water.
This model is an analytical selution, not an explicit solution, and is
expected to be almost adequate, because these assumption are not so eccentric.
FEMWATER/WASTE-PNC and DTransu2D-EL are two dimensional, otherﬁise the
analytical model is three dimensional., Infinite major axis can be considered for
comparing two dimensional code, in which release rate from the unit length of

infinite eylinder is equal to that from the circle.



2. Benchmark of the numerical analysis with the analyticazl solution
Flow and mass transport codes, DTransu2D-EL and FEMWATER/WASTE-PNC were

benchmarked with the analytical medel described in Sectiom 1.

2.1 The input data and the geometry

The hydrofogy and related characteristics described in Heisei 3 Report were
used for the benchmaking. Other data needed for the mass transpert aralysis were
sefected, and the mesh data and the geometry were modified from that ir Heisei
3 Report for this calculation. The boundary condition 2nd the geometry are
shoown in Fig. 2.1.1 and Fig. 2.1.2, respectively. The input datz is summerized

in Table 2.1.1,

Table 2.1.1 [Input data for the calculation

Calulation No. 1 2 3 4
Darchy velocity in rock (cm/s) 1E-5 1E-8 1B-T 1E-8
Hydraulic Rock 1B-4 1E-5 1E-6 1E-7
conductivity
(cm/s) Buffer 15-11
Porosity Rock 0.01
Buffer 0.3
Kd Rock 0
(ml/g) Buffer 0
Hydraulic gradieant 0.1
L. dispersion length (cm) 100
T. dispersion iength {cm) 100
Effective Rock 1E-7
Diffusivity(cm®*/s) | Buffer 1E-6
Calculation time {s) 1. 64287 (~180 days)
Time step (s) 1. T28E4 1. 728E5




Constant Constant
head Rock head
Y
\ ) Lo,
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Others : non permeative

Fig.2.1.1 Boundary condition of flow field

3600
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g 288 Y
]
/) L
| X
C=1 Unit :cm

Others: 3 C/ 8 x=10

Fig 2.1.2 Boundary condition of mass tramsfer analysis

2.2 Comparision of numerical codes with analytical solution
The results obtained using by DTransu-2D - EL and FEMWATER/WASTE-PNC were
compared with analytical solution selected in Capter I. Calculated flux at

buffer-rock interface is giver in Table 2.2.1.

Table 2.2.1 Comparison of flux of numerical and analytical solution

Darchy Flux/Co (cm/s)

velocity FEMWATER- DTransu2D-EL Analytical
(cm/s) FEMWASTE solution
1E-5 1.52 E-7 1.578E-7 1. 448E-7
1E-6 - 9.25 E-8 1. 208E-7 7.368E-8
1E-7 3.31 E-8 6. 108E-8 1.225E-8
1E-8 2.26 E-8 2,222E-8 i.454E-8%




DTransu-2D « EL and FEMWATER/WASTE-PNC gave nearly equzl comcentration
profile in each case. But some higher concentration was observed in
FEMWATER/WASTE-PNC.

The fliux from the analytical solution has a constant value under the darchy
velocity of 1E-8 cm/s and above 1E-5 cm/s, and increases with darchy velocity
In transient Eeglon. The result of DTransu-2D - EL and FEMWATER/WASTE-PNC shows
larger flux than the analytical solution, and the discrepancy was small in
FEMWATER/WASTE-PNC at any flow velocity. Larger difference between numerical and
analytical solution was appezred in small velocity region. This may be caused
by finite calculation time in numerical analysis, in which the steady state is
net attatned.

Calculated concentration distributior was different in detales between
DTransu-2D « EL and FEMWATER/WASTE-PNC. The reason is not clear, but the
additional one dimensional analysis sugested that input data such as dispersion

coefficient may be 1invalid in FEMWATER/WASTE-PNC.



3 Analysis for MASTRA test apparatuss

Mass transfer in MASTRA apparatus was analvzed using DTransu2D-EL .

3.1 The input data and boundary conditions

Four case of analysis were made for flow rate of 107%, 10°%, 10~* and 10 —°
cn/s. The inpui data is summerised in Table 3.1.1, and the boundary condition
isshown in Fig. 3.1.1,

Table 3.1.1 Input data for mass transfer analysis

Darchy velocity in rock (cm/s) 1E-6 1E-5 1E-4 1E-3
Hydraulic gradient 5. 99E-6 | 5.99E-6 | 5.99E-6 | 5.99E-6
Hydraulic Rock 1E-4 1E-5 1E-6 1E-T7
conductivity
(cm/s) Buffer 0.01
Permeable zone 0.01
Kd (ml/g) 0
L. dispersion length (cm) 5.0
T. dispersion length (cm) 1.0
Molecular diffusivity(ca?/s) | 2, 0B-5
- Caiculation time (s) 7.776E6 (~90 days)
Time step (s} 1. 0E3 9. 6E3 2. 554 2.5E4
Source concentration Normalized to 1
Host rock
Buffer ]
c=1

other boundary : &c/8x =10

Fig, 3.1 1 Boundary conditions in mass transfer analysis



3.2 Results
The results obtained are summerized as follows.
« At flow rate of 10 °cm/s.

The concentraionprofile reaches almost strady state after 20 days, at which
equiconcentration line of 0.01 develops from upstream end of buffer and not
expand the upstfean part of host rock. The linme lies 4 cm apart parallele to the
bufffer. After 50 days, the concentration at buffer-rock interface increases
with the distance aiong water flow direction, the maximum concenfratien is 0.02,
« At flow rate of 10~'cm/s.

The concentraionprofile reaches almost strady state after 20 days, at which
equiconcentration line of 0.0l expands 3 cm into the upstream part of host rock.
The line lies 20 cm apart parallele to the bufffer. After 50 days, the
concentration at buffer-rock interface increases with the distance along water
flow direction, the maximum ecencentration 1s 0. 1.

» At flow rate of 10 °cam/s.

The concentraionprofile reaches almost strady state after 40 days, at which
equiconcentration line of 0.01 expands 15 cm into the upstream part of hestrock.
The line lies 30 cm aﬁart parallele to the bufffer. After 50 days, the
concentration at buffer-rock interface increases with the distance along water
flow direction, the maximum eoncentratien is 0.5.

« At flow rate of 10"%cm/s.

The concentration plume is formed by diffusion with slight displacement by
advection. At this flow rate the steady state without concentration reflection
by the wall can not be attained in flow cell, After 50 days, the concentration

at buffer-rock interface has a peak at the center.



4. Conceptual examination toward realistic modelling
In the anazlysis in the previous chapter, all the detailes of MASTRA

apparatus is not considered. The qualitative decision was made on the reserved
features, but additional study will be needed on the followings ;
(1) Bffect of the sensor

Two technical issues have been identified to quantify the effect of the sensor.

@ Effect of the void at measuring position in beads-fill flow cell

@ Effect of inpermeable guide tube of sensor inserted in flow cell
The available computer resource should be taken into account for the
implementation of these analysis, because hydrology and mass transfer around

sensor in beads-fill medium are needed.

(2) Effect of density current
Three dimensional analysis is indispensable for quantify the effect of
incraesing density of water caused by tracer disolution. As same as above, the

available computer resource should be taken into account.



PART I IMAGE-GEOCHEM



1. Data acquisition on mineral disselution kinetics
Methods of dissolution rate experiment were survayed. Acording to the

suitable method, the dissolution rate of Albite was measured.

1. 1 Experimental method for dissolution kinetics data acquisition
Feldspar is one of general crystalline minerals, therefore that was selected
as terget for this study, The subjects of this survey were as follows.
(1) Phenomena of dissolution reaction.
(2) Kinetics of dissolution reaction.
(3) Character of dissolution reaction.

{4) Measurement methed of dissolation rate.

1.1.1 Phencmena of disselution reaction
Dissolution reaction is controlled by two kind of rate determing steps as
follows.
@ Diffusion rate through protective layer on mimeral surface
@ Chemical reaction rate between mineral surface and aqueous phase.
The protective layer is studied by many researchers, however direct

observation has not been made.

1.1.2 Kinetics of dissolution reaction
Dissolution reaction can be separated into four sequential stages.
(1) Ion exchange stage

Ion exchange occurs in first stage of dissolutien reaction.
(2) Nonlinear release stage

Nonlinear release of all cations from the mineral surface occurs in the

second stage according to following rate equatien.



C=ke t°

C = concentration of released cation
k. =exponential of rate constant
n = empirically derived exponent

(3) Parabolic rate stage
The next stage of the dissolution can be presented according to parabolic
rate equation.
C=Co+tk, t'V2

initial concentration of cation in this stage
parabolic rate constant

Co
ks

(4} Linear rate stage
The cation concentration in solution increases limearly with time in the
final stage.
C =Co + Kit

Ki = linear rate constant

1.1. 3 Character of dissolution reaction

Data compiled by Fleer on feldspar dissolution rate is considered to be

reference data.

1.1. 4 Measurement method of dissolution rate
(1) Preparetion of mineral sample
The minerals are crushed under 2zm. At that time very small powders
stick on the surface of sample. After the seiving, the samples should be
washed with aceton, HF+H,S0: mixed solution, H.S0. solution and H;ﬁ. Then

the mineral samples are dried at about 100°C.

(2) Measurement condition of dissolution rate
Container used are of teflon, pelyethylene and so on, In high
temperatureexperiments, metal containers are used.



Solid-solution ratio spred over wide range. Generally solution is set 10

~300ml per leg of solid.

The atomosphere is controlled in various condition coresponding to the

experimental purpose.

In some cases, CO: gas concenrtration is controlled.

Various solution is used for the experiment, such as distilled water, acid

solution and pH buffer solution.

Temperature is ranged from room temperature to about 300°C.

(3) Filtration methods

In general, the liquid samples were filtrated by membrane filter.

size of the filter is 0.1 um or 0.22m.

(4) Solid phase anazlysis

Additional solid phase analysis to be used are as follows:

@

@
®
@
®

Measurement of surface area by B.E.T. method.
Measurement of mineral composition by X-ray diffractien.
Analyses of surface by SEM and TEM.

Anzlyses of surface by XPS and ESCA.

Chemical component analysis.

Pore



L

2 Albite dissolution rate measurement

bDissolution rate of Albite was measured in distilled water.

1,21 Method
(1) Albite sample
Albite sample ts product of South Dakota mine im U.S.A. Particle sizes

are prepared in 0.25~0.50mm (60~ 32mesh) and in 44~74 . n{(330~200mesh).

{2) Rinsing of Albite sample
Crushed Albite was washed with aceton and distilled water for 3 times

repeatedly.

(3) Measurement of dissolution rate
The batch experiment was carried out. Albite of 10 g was put into
distilled water of 1000ml in teflon container. Temperatures were
controlled at 25, 60 and 90 °C. Agirg term was from 1 hour to 91 days.
The liquid samples were filtrated by membrane filter(0.2 zm) and ultra-
filter (cut off molecular weight 10000). pH, Eh and concentrations of Na,
Al and Si were measured.
Surface of solid phase is analyzed after dissolution test by SEM, XRD, and

EPMA . T

1. 2.2 Results
{1) X-ray diffraction

The diffraction patern revealed that the sample was crystalline of Albite.

(2) Effect of rinsing
SEM observation and specific surface measuremeni showed that the rinsing
of Albite reduced the surface area to onme second or one third, by

eliminating very small particle from the surface.



(3) Result of dissolution test
The effect of the f{ltratiun method was very small. Meazasured pH, {Na] and
[Si] were constant with time, and the dissolution rate could not be
estimated. Same fendancy was observed at 25°C and 60 °C, whereas [Na] and

[§i] increased at 90 °C.

(4) Surface analysis of solid phase
After dissolution tests, the surface of the sample far 90 °C experiment
was analysed. SEM, XRD, and EPMA did not show clear alteration of the

surface.



2.

2

Survey on EQ3/6 code
1 Function of EQ3/6 code
2. 1.1 Egquations for equilibrium calculation
Following equations are used for equilibrium calculation. B

(1) Equations for mass balance

The charge balance, mzss balance and mass action are basic equatiors for

calculation of the speciation.

(2) Equations for activity correction
Activity coefficients of neuwtral aqueous species is given as 1. Activity
of water can be approximated using Helgeson's equation. Activity of pure

minerals are 1, and that of solid solution are sum of end member minerals.

{3) EBquations for activity coefficient
Three options are incorporated in EQ3/6, Helgeson B-dot, Davies and Pitzer.

{4) Saturation index and affinity

Equilibrium between agqueous and solid phase can be known from saturation

index.

2, 1.2 Bquations for kinetics calculation
EQ3/6 has five kinds of kinetics equations, relative rate equation,
transition-state theory eqeation, linar <+ parabolic rate quation, activity

term rate equation and power rate equation.

(1) Relative rate equation

1
vy ! =K+ 1+ Ke 23 E+ — K+ 03 E2
21
1
—v, ' =K. 1+K- 28+ — K_ 5 E°
21

K+ :Rate constant for dissolution
K- :Rate constant for precipitation



(2) Transition-state theory equation

v =
ir + 3 BT, +. 11
fi8:3 Ksw (11 a, "hatiy (1 —exp(-A + ;.7 04 13RT) )
i=1 e
_Vj 3
Ir, o i aT, —, 11
f, s, K- ( I a, N et (1—exp(-A,_,,/a__,l,RT) )
i=1
s : Total surface area of the phase dissolving
f; : Fudge factor the proportion e¢f effective to total surface

area :
K+ 1y :Rate constant
A .+.1 :Affinity of reaction
N 7+.1y : Thermodynamic activity
g+ 15 ¢ Stoichiometric factor

(3) Linar +parabolic rate quatien
vy =1, s;(Kﬁ},+Kh2,(t—t0 D B
—vy=f; s; K- ;
K+ 15 : Liner coefficient
K. 3, : Parabolic coefficient

to : Start time
t : Tine

(4) Activity term rate equation

| AT, .1
v; =%f; s8; X K+wn ( 1 a.'"*“'”)
=1 °
ir - aT, -, i)
-vy;=f, 8; 2 K- ( I a.% =t1)
i=1 ®

{5) Power rate equation
v; =f; g, K+ 1A+ k.24

—v, =%, 8; Ko 1A, ¥ 2!



2.2 Calculation of Albite dissolution
Bissolution reaction of Albite was simulated using EQ3/6 code. Subjects of
the calculation were as follows ;
(1) Effect of particle size,
(2) Effect of temperature,
(3} Comparison of open and closed system,

(4) Effect of CO: gas equilibrium conditions.
2.2.1 Effect of particle size
(1} Calcelation condition

The calculation conditions are shown in table 2.2.1.

Table 2.2.1 Calculation conditions of effect of particle size

@ ©@
System Closed system =
Temperature 25°C =
Equilibrium of CO: Air condition{350ppm) =
Mineral Albite =
Particle size 44~T4pm 250~500 ©m
(Surface area) (0.18nf/8) (0.081 of/g)
Solid-solution ratio 10. 0g/1000m!I =
Dissolution rate 4,41x 107 °mol/caf /5 =

{2) Results
Particle size does not effect on pH, [Nal, [Al] and [Si]. ([Nal and [S§il]
increse with time, approaching to 3x10°° mol/l1 at steady state. [Al]
reachs at 107° mol/l, then decreases to the equilirivm concentration with

AL(OH) 4.



2.2.2 Effect of temperature

(1) Calculation conditions
Calculation conditions are showﬁ in table 2.2.2. Dissolution rate at25°C ,
60°C and 90 °C were given acording to ;
k=A-exp (-E/RT)
: Dissolution rate
: Frequency factor

: Activation energy
: Gas constant

- =

: Absclute temperature

Table 2.2.2 Calculation conditions of effect of temperature

® @ 6)
System Closed system = =
Temperature 25°C 80°C 80°C
Equilibrium of CO, Air condition(350ppm) =
Mineral Albite =
Particle size 44~T4um =
(Surface area) (0.18nf/g)
Selid solution ratio 10. 0g/1000ul = =
Dissolution rate 4.41%107"*mol/cdf/s | 2.37X107'5 7.75X 10718

(2) Results
The results shows the same tendancy described in 2.2.1. Tempreture
increase emhances the reaction, and the concentration suddenly raise after
100 days.
2.2.3 Comparison of open and closed system
(1) Calculation conditionms
For comparison of batch test and column test, we calculated disselution

behavior of Albite by using functions of open ard closed systenm.

Calculation corditions are shown in table 2.2.3.



Table 2.2,3 Calculation conditions for comparison elosed and open system

@ @
System Closed systen Open system
Temperature 25°C =
Equilibrive of CO. | €0, free =

(Initial 52.5ppm}

Mineral Albite
Particle size 44~T4pm
(Surface area) (0.18ad /8D
Solid solution ratio 10. 0g/1000ml
Dissolution rate 4.41x 10" %ol /ad /s

(2) Results
The results shows that the dissolution behavior of Albite in the open

system is the same as that in the closed systen.

2.2.4 Effect of CO: gas equilibrium conditions
(1) Calculation conditions |
Calculation was made under air equilibrium condition during test, CO: gas
equilibrium condition before test, and C0: free condition during test.

Calculation conditions are shown in fable 2.2.4.



Table 2.2.4 Calculations condition of effect of (0. gas eqguilibrium condition

@ @ ®
System Closed system = =
Temperature 25°C = =
Equilibrium of (0. Air condition(350ppm)l CO: free C0: free

Initial 52.5ppm

Mireral Albite = =
Particle size 44~Tdpym = =
(Surface area) (0.18nf/g)
Solid solution ratio 10. 0g/1000ml =
Dissolution rate 4.41X107'*mol/af /s

{2)

Results

C0. conditions can give an effect on pH and [Al]. Keeping €O, pressure
atair level causes pH of 4.9, while pH raises to 7 under C0, free and CO:
consuming environment. [Al] decreases after 10 days because of the
precipitation of AI(OH)s under air equilibrium., In case of C0. free and CD.
[Na] and [Si]

constming environment, [Al] decrease could not be observed.

do not be affected by CDs.



3. Analysls on the coupled chemical and hydrological phenomena
3.1 Effect of mass transport on chemical reaction
We aﬁalyzed dissolution behavior of Albite in column test by using reactive
transport code. Analytical model is described 2s follows.
(1} Mass transport
Spaces is described finite volume mesh, Ir each time step, chemical
equilibrium condition is calculated and amount of species move accoding to

flow rate. In each mesh, species are completely mixed.

(2) Chemical reaction

The chemical reactions are assumed dissolution/precipitation of solid
phase and speciation in liquid phase. The speciations are assumed imstant

aneous equilibriuvm. The dissolution/precipitation of solid phase is

calculated by 3.1.1 equation.

dm IAP
= p, pkao [ 1- ] (3.1.1)
dt Ksp
m : Conceniration of solid
0. : Surface aregz
o : Appearent demnsity
ko :Initial dissolution rate
IAP : lonic product
Ksp : Solubility product
3.3.1 equation can be converged to 3.3.2 equation.
dm
— = p, pko (K« Ksp —K- IAP) (3.1.2)
dt

. K+ :Dissolution rate
K- : Precipitation rate

In the casé of dilute solution, the dissolution rate is the same as
initial rate ko. When the ionic product become to the solubility product,

the dissolution rate become slow. The change of surface area is ignored.



3.2 Analysis for Albite-water reaction in column experiment
(1) Analysis conditieons

The effect of water flow is analyzed. Analysis condition is shown in

table 3.2.1.

Table 3.2.1 Parameter list for the amalysis
Density 2.7 (g/ca)
Compacted density 1.6 (g/acl)
Porosity 0.4 (=)

Surface area 0. 081 (/&)
Temperature : 25 ("C)
Leaching rate : 4. 41x107'%(mol/cd/3)
Length of column 1000 (cm)
Flow rate 10,0 {cm/d)
Length of disparsion: 10.0 {cm)
Mineral : Gibbsite (A1(OH)3)
: Kaolinite (AIZSIZUS(UH)J)
: Quartz (8i0z)
: Paragonite(NaAlsSis0:0(0H)2)
: Albite (N2AlSis0s)
Liquid phase : Pure water (pH 7.0 )

Gibbsite, kaolinite, quartz, paragonite and Albite are selected in
analysis. In column, predicted reaction is as follows.

a) At first, Albite dissolves in solution.

b) Concentration of Na, Al and Si rise, then Gibbsite precipitates.

c) After Kaclinite precipitation, Gibbsite disolves.

d) Quartz precipitates.

e) After Paragonitete precipitation, Gibbsite disolves.

f) Quartz and paragonite disolve cotinuously, then the reaction finish

when the concentration reach the solubility of Albite.



(2) Result
After 2 days, Kaoltinite, and Quartz precipitate. Gibbsite dissolved
before this time,
After 20days, Kaolinite and Quartz precipitate in all column region.
Paragoniteite precipitates‘in central region of column.
After 40days, the precipitation of Paragonite increases. Kaolinite
dissolves from the central region of column.

After 100days, the precipitation do not inerease. The reactions reach te

the equilidrium state.

Above all, it was estimated that the column was separated four regions.
@® 0~2 m - Kaolinite and Quartz precipitate cotinuously.
@ 2.5 m -Before about 12 day, Kaolinite and Quartz precipitate,.
» After about 12 day, Paragomnite precipitates and Kaolinite
dissolves.
« After about 40 day, Paragonite and Quarz precipitate
cotinuously.
@ 5~9 m At first the reaction is same as @,
After Kaolinite disselve, the precipitation of Paragonite and
Quartz decrease.

@ 9~10 m~ Kaolinite and Quartz preclpitate cotinuously.



